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@ A composite microdot comprising*: '\ 

a microdot (20), said microdot bbmprising a ^i^b- 
strate having ah indicia on said' substrate; and 
characterised, by ^.a first layer (30) rnounted on said 
microdot (20), said first layer (30). being formed of or 
including a material imparting a preselected physical 
or chemical characteristic to said rnicrodot 
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This invention .relates to microdots and, more . 
particularly/ to a novel, composite microdot and 
method wherein different types of . layers are selec- 
tively affixed to the microdot to provide the micro- 
dot \yith various, preselected features such as en-, 
hanced visibility, cainouflage. magnetic attraction, / 
controlled buoyancy, and controlled bibdeigrada- 
tion. to riarhe several. : l . 

Microdots, as the name implies, are small, usu- 
ally less than about two millimetres in diameter, - 
discs cut from a plastic substrate. Each microdot is / 
coQfigurecl to carry, a unique identification .feature . 
such as a preselected ; colour or. a specific serial 
number to enable the-, subsequent finder, of the 
microdot to identify the origin of the microdot. In 
one application, the microdot is rim printed with a? 
specific serial number and is accpnnpanied by;sev- 
eral hundred or even thousands of identical, mtcro- 
dots. These microdots are then placed discretely 
and eyen openly <at numerous focations on various : 
items of personal property .on the premise Jhat. one 
or more of these microdots. will. be subsequently r 
retrieved and thejrefcjyj reveal the correct ownership 
of -the . item pf. personal property. The Principle 
concept is that; it is virtually impossible .for a mis-f 
creant to remove all. the microdots from the item. , 
Further, some • microdot . systems are designed . to 
allow a portion of the microdots to. be: dislodged 
during transit to thereby .leave a trail of microdots 
which provide credible evidence as to the . prior 
locations of the jterrti thus aiding in the apprehen- 
sion of the miscreant and any cohorts.; - -v.: j . 

, Several microdot- technologies are ;knowni in; the^ 
art. Perhaps one of- the' earliest references; in this, 
field is that of DiMon (U.S. Patent No. 4,243,734 
which discloses ..a microdot configured as at square 
having a ; side, dimension in the nature of C.G07* 
inch. Each ^ microdot includes: the indicia of - the 
particular owner: ; \^^'y ^ :c j--.'- 

, Another identification system that uses a \plural- 
ity of small labels, not microdots, per se,. is that of = 
Krietemeier et al (U.S. Patent No. 4,763.928). This 
disclosure relates to small tags which are cut from 
a strip of plastic, but releasably held on a substrate 
to allow the person applying the-tags to individually > 
retrieve a tag from the* plastic strip and_mount it to. 
the item...; . " ^ 

From the foregoing it is clean that various, at- 
tempts have been made to ..provide , a microdot . 
identittcation system for ran item of:iperjsonal prop-: 
erty. However, there^are numerous instances where' 
it would be desirable . to have a microdot that could 
be used not only to* mark items of personal prop- 
erty but also in applications not involving.an item of 
personal property: It would also be advantageous 
to provide a microdot system, where the microdot 
is readily visible, where the microdot is canrwu- 
flaged, has a preselected buoyancy, can be at- 
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tract dtp a nriagnetic field, or even will bibdegrade 
after' a period of time. Such a novel apparatus and 
rhethod is disclosed and claimed herein. 

It is. therefore, a primary object of this inven- 
tion Xo provide improvements in microdots. Another 
object of this invention is to provide improvements 
in the method of fabricating a microdot. 

According to one aspect of the present inven- 
tion therei is provided a composite microdot com- 
prising a • microdot, said microdot comprising a 
substrate having an indicia on said substrate; and 
characterised by. a first layer mountiBd on said 
microdot, said first layer being formed of or includ- 
ing a material imparting a preselected physical or 
chemical, characteristic to said microdot. 

According to another aspect of the present 
invention there is provided a method for preparing 
a connposite microdot compnsing preparing a 
microdot substrate by impa rting an indicia op said 
microdot substrate; obtaining a first layer formed of 
or including a. material for imparting a preselected 
physical or chemical characteristic to said micro- 
dot; mounting said first substrate to said microdot 
substrate to form a. composite nfiicrodot substrate: 
and producing a composite microdot by cutting 
said composite microdot substrate into a plurality 
of composite microdots. 

The microdot may have a holographic surface 
to enhance the visual observance of the . microdot. 

The microdot may have a waterproof film that 
protects the microdot against moisture. 

The microdot may have a waterproof film that 
imparts a preselected degree of buoyance to the 
microdot. . i . t : 

A camouflage covering may be provided for 
the microdot to conceal its presence. 

A magnetic film, laminate may be applied to the 
microdot io facilitate recovery of the microdot using 
a magnetic field. ^. - : ; ^^ 

: . The microdot may be provided with a material 
that is subject to biodegradation over a preselected 
period of" time. ■ ' ■ • ; ■ 

These and other features of the present inven- 
tion will become more 'readily apparent from the 
following description, in which preferred and other 
embodiments of the invention have been set forth 
in conjunction with the accompanying drawing and 
appended claims. 

Figure 1 * is a greatly enlarged, exploded peir- 
spective view of one presently preferred em- 
bodiment of the novel composite microdot of 
this invention; 

Figure 2 is a side elevation of the composite 
microdot of Figure 1 shown assembled into a 
microdot; 

Figure 3 is a perspective view of the microdot of 
Figure 2 coated with a preselected coating; and 
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Figure 4 is a greatly ^enlarged, exploded per- - ■ 
spective view of a second preferred embodi- 
ment of the novel composite mrcrbdot of this 
invention. : : r 

The invention Is best understood by reference 5 
to the drawing wherein like parts are designated by - 
like numerals throughout in conjunction with the 
following description; 

The novel composite microdot and method- of 
this invention incorporates various features into the w 
microdot, each feature impartirig a diffdr^nt, unique 
characteristic to the cbnventionar microdot; hence - 
the name, composite nrucrodot. The unique char- 
acteristics imparted to the eonventional microdot . 
include such features as a holographic surface to is ■ 
render the microdot highly visible, a camouflage 
surface to disguise the microdot, a Tnagnetic sfur-^ 
face to render the microdot magnetically attractive, '-^^ 
a waterproof surface to prevent aqueous degrada- ■ ' 
tion of the microdot in. an. aquatic environment, a 20' 
biodegradable surface: to render- the: microdot or its ^ 
coating biodegradable over a period of time, or " 
combinations of the foregoing. ::. ; • - . v 

,Dne example of a composite microdot having a 
combination of features' is ^a rnicrodot system I 25 
designed for the purpose: of assuring -the: proffer 
disposal of contaminated soil.. In one: particular ap- V- 
plication. It is desirable to assure that contaminated 
soil recovered fj^om a site of. spil icontanriinatipn is 
delivered to a proper disposal ?ite and .not merely 30 
dumped on the ,wayskfe at arii >:out: of the way -; 
location. , In this instance I provide a microdot set 
having a holographic, film on onie or both sides and ^ 
then camouflaged with a water soluble or brbdeg^ ^ 
radable coating. The microdots ' are - scattered 35 • 
throughout the contaminated; soil during loadingr-of . 
the soil .on the truck- The. microdots : being: cam- 
ouflaged can not be- seen and thus removed J Once ; 
loaded on the truck the contaminated soil should 
be delivered to the designated disposal site within 40- 
a given number of hours . Howeveri in^he event the. 
contaminated soil is improperly dumped at ;a place- 
other than the designated, disposal ;site. the; micro- 
dots will ultimately reveal which Joad was improp-: ' 
erly dumped and by whom. Normal weathering will o 45. 
remove the- water soluble* or biodegradable^ eoiating . 
to expose the holographic surface 'which.; :in turn, 
renders the microdot highly visible. In . one texperij < > 
ment the individual i eomposile . microdots .of . my 
invention configured with Jhe hdlographio surface sor: 
were readily visible from a helicopter j flying- at 
about 2.000 feet above the ground. . - , 

The holographic, film used in the foregoing 
experiment was obtained from Spectratek, Inc., Los 
Angeles, California. This particular holographic film 55 
is produced with a full spectral reflectance at alt 
angles to the surface of the film ' so that intense 
"flashes" of light are reflected by the microdot 



regardless of its angular orientation relative! to the 
light source. ^ m v r ■ .v j r 

Another corhposite microdot is one having a 
magnetic film as part of the surface of the micro- 
dot:. The magnetic filrn can be any suifable rhag-'* 
netic medium including filrns rhade frorn magnetic 
ink, ceramic magnetic' material, arid the like. Cus-' 
tomarily, the purpose otthe magnetic surface is to* 
enable the microdot to be'' retrieved "usiiig a con- 
ventional magriet to atttefct the magrvetid'fiiirn along 
with the attached rnicrbdot: For 'ekam a ^ 

partidulai- prbduGt'isiich as a bulk ^hipmeilt of iliegaf 
drugs cpmpo&ite iriicrodot^ with th& nriagnetic sur- 
face aire camouflage to be dt^i^uised in^^ drug. 
In rno6t • Cases, thfs carnPuf lage wbu Id be ' a non- 
glofesy ' WhUe -cbatJnfg.^t^^^ is water br alebhbr- solu- 
ble: At its de'fetfiFiatioiV'a isirViplerna^ used ' 
to retrieve ; ohe- or_ more^f^terbQbts whichi wherS * ' 
cleansed > of the' Camouflage coatft^^; caft be%xanr)- - 
ined fb • rev<e^:&r this' ihdioa' on ' the micrbdoT th'erebi^ * 
provjdirig positive identification >bf; feource of this' 
shipirhent xji i llegal d rugs . ' ^ . ■ ' ^ • - j 3^ 

-Tracking ot sewage '%ltidge^,- or other liquid'^ 
sy^terh^ in an aquatic ehvirbhnrieht Is - possible us- ' 
ing ca^buoyancy contr6l layeC^ to fn^tch the buoy- 
ancy bf the pairt'fcular material beinig fhoriitbred. For ' 
exarhple,: a sewage sludge geh'ef^^aily is" incremeriit- 
ally h^aVieir than watbr' so -that it iisualiy sinks to ' 
the^ bottonrt:' of j the water-^ ^ysterti- tnto' which- it is 
dumped; Th^' J controlled br mafched biibyancy' of ■ - 
the microdot meaWs lhfit'th^'fnicrodots' will remain 
with the bulk of the: sewage ^ludgfei The microdots ■ 
can ' theh' be- retrieved- :;thrbugh' 'rtSaghefic; attraction 
per (the previous embodiment aild/or' be configured ' 
to suitably , biodegrdde^ over k preselecied 'period of ' 
timex: iFjurtbef the ^ bibdegradatioh could be only of ■ 
the =bi^JOyancy: regulator Surface 'Sd that the micro- ' 
dots J. would' subsequently: float t'tf • the surface '• and ' ' 
there be highly visible as a result of an' uncovering 
of a holographic layer on the- jnicrodot ^underneath 
the buoyancy/controlfeamouflage layer. 

^: Referring now to Figures '1 * and 2, the first 
preferred.; embodiment of ' the novel, composite 
microdot- apparatus of this^invention is shown geri- 
erally at fO and includes a microdot 20, a first layer. 
30, and a .second layer: 40: ^ Microdot 20 is a con- 
ventional microdot fabricated from a substrate 22 • 
having an : indicia- 24. printed therepn: Substrate 22 
is any \surtable iilmrlike ;rhaterial such ^as; mylar-, or 
the like, and is^fconfigurekl . to teve indicia 24 print-- 
ed, thereon: . Indicia. =24 ■Jyfproduced : on microdot 20 
by vconventioinal ; microtilmr techniques whereby a J 
large sheets of indicira 24 is= photographically re- 
duced such that at' least one, if not more, of individ- 
ual indicia, in this " case the 'alphanumeric set 
77881 A, is displayed as a complete set on micro- . 
dot 20 regardless of where microdot. 20 was cut 
from the body of substrate 22. 
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First layer 30 is shown herein as a holographic 
substrate 32 having; a reflective hologram 34 
formed therein. Substrate 32 is prepared from a 
clear plastic material to thereby render it suffi- 
ciently tranisparerit to permit visual? observation of 
indicia 24 therethrough. Hologram 34 is configured 
to provide a reflective surface on^first iayer 30 so 
as to reflect incident light in* a full, 360 -degree 
pattern from layer 30. This feature is illustrated 
schematicially in Figure 2 wherein incident light 36 
is shown being reflected in a full, 360 degree 
pattern as reflected light 38a-38e- 

Secbnd layei- 40 is fabricated from a substrate 
42 having any number of preselected cHarscteris- 
tics. For example, substrate 42 can be fabricated 
from a niagnetic material sUcK as a ferrd magnetic 
film, a ceramic magnetic film, or even a layer of 
ferrous metal, any of yvhich adapt second layer to 
being attracted to' a magnetic field'. Another ma- 
teriat for ' substrate 42 is' a buoyancy matchinjg 
material -isuch as a plaistic having a preselected 
quantity of particles 44 as a weight-imparting ma- 
terial amended thereto such as a copper powder 
for a nonmagnetic material or iron particles for a 
ferromagnetic materiial. Further; substrate 42 can ' 
be fabricated from a soluble or* biodegradable ma- 
terial such as a commercially available plastic hav- 
ing starch particles ' blended into the • plastic as 
particles 44: ' ' ^ • " 

First l^yer 30 is adhdsively* secured to microdpt 
20 by any suitable adhesive 26 ^while second layer 
40 is adhesively secured to the bottom of microdot 
20 by any suitable-adhesive 46. Adhesive 26 and 
adhesive ' 46 may be identical if suitable' or have 
different characteristics,' depending upon the rna- 
terial of construction of each of microdot 20, first 
layePso. and second layer 40. ' .' ' ' \ 
Referring now more' particularly to^' Figure 2, 
composite microdot 10' is ^shown in this ' cross- 
sectional view with first layer 30 firmly bonded to 
the top surface of microdot 20 and with second 
layer 40 lirnrily bcinded to the bottom surlace of 
microdot 20. In' actual practice, tHe preparation of 
composite microdot 10 involves prejDaring a sheet 
of substrate 22 'and imprinting indicia '24 (Figure 1) 
thereon. Thereafter, correspondingly sized sheets 
of first layer 30 and second layer 40 are adhesively 
mounted to substratfe '22 using adhesive 26 and 
adhesive 46^ respectively. Corriposite microdot 10 
is then cut frOnri this plurality of layefs using con- 
ventional microdot cutting teChniqueis. Customarily, 
composite microdot 10 has a dimeVision of less 
than about two millimetres in diameter for most 
applications although it can be readily ' produced 
with larger diameters for sp^ific applicatioris. 

Referring now to Figure 3, composite microdot 
10 is shown coated with a coating 12 having cer- 
tain preselected characteristics. For example, coat- 
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ing 12 can be produced from a simple clay slip 
wherein finely dfvided clay powder is suspended in 
a liquid medium of. say, water or alcohol, and then 
used to coat composite microdot 10.^ Evaporation of 
5 the liquid mediunri 'leaves a residue of clay powder 
as coating 1 2. Coating 1 2 thereby renders compos- 
ite microdot 10 amenable to being used as a 
tagging devibe tor a load of contarriinated soil or 
the like (not shown).' In this circunristance. a plural- 
70 ity of composite microdots 10 with coatirig 12 . 
thereon are dispersed into the contaminated soil 
(pot shown) as it is being loaded on to the truck 
(not shown). This step is done preferably with the 
full knowledge of the drivei- to thereby further en- 
75 hance the incentive for the driver to deliver the load 
of contaminated soil to the proper disposal site. In 
any event; if perchance the contaminated spir(not 
shown) is improperiy dumF>edanywhere else, coat- 
ing 12 will ultimately wash awaiy exposing the holo- 
20 gram 34 (Figure 1) to ihcidenf light 36 (Figure 2) 
resulting in scattered light 38a-38e. The result is 
that composite rnicrodot 10 is readily observed at a 
considerable ' distance even though cornposite 
microdot 10 is relatively small. Once observed, 
25 composite microdot 10 can be easily retrieved and 
indicia 24 read and compared to' the master file to 
provide absolute proof as to the origin and place- ' 
ment of the particular coririposite microdot 1 0. 

Other suitable' coatings'l 2 for composite micro- 
30 dot 10 can ihclude latex-type paints formulated to 
include,'forexample, illegal drugs such as opium, 
heroin, cocaine, or the like to thereby utilize the 
same ciamoufiage ' prihcijple as described herein- 
before to trace the origin of these illegal drugs. 
35 Under certain' circurhstances it may be preferable 
for coating 12. to be water insoluble but to be 
recoverable by inclusion of a ferromagnetic ma- 
terial in substrate 42' (Figures ,1 and 2). Once 
recovered through magnetic attraction, conhposite 
40 micrbdot 10 can be washed with a suitable solvent 
to remove coating 12 therefrom thereby rendering 
indicia^24 readable. 

Referrihg now to;Figur<& 4, a second preferred 
embbdirnent 'of the noVel. composite microdot of 
45 this invention is shown generally at 50 ^hd includes 
a microdot iBO rnounted to a layer 70. Microdot 60 
is esseritialiy identical to mlicrodot 20 (Figures 1 
and 2) in that it is fabricated from a substrate 82 
havifiig an indicia 64 imprinted thereon. Layer 70 in 
50 this illustrated embodiment is fabricated from a 
suitable substrate 72 material capable of having a 
hologram 74 formed therein. Layer 70 can be fab- 
ricated from any suitable material as described 
hereinbefore for layers 30' and 40 (Figures 1 and 
55 2). An adhesive layer 76 adapts layer 70 to being 
adhesively mounted to the bottom of microdot 60. 

Composite microdot 50 is basically similar to 
composite microdot 10 (Figures 1-3) with the ex- 
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ception. that layer 70 is mounted to nthe bottom of 
microdot 60 and there is , no second layer comr, ^ 
parable to second , layer 40 (Figures X and 2). the ^ 
major difference, as stated b>efore, is that compos- 
ite microdot 50 has only one layer therebn^ layer 
70, although .composite microdot 50 can include 
any suitable coating such as poating 12 (f^igure 3) 
to provide the features irnparted by the presence of 
such a coating. . 

The novel method of this invention includes 
providing a conventional microdot, microdot 20 or. 
60, with preselectefJ characteristics which iare pro- 
vided by the various layers, layers 30. 40, or 70. 
affixed to the particular microdot used. Further,, the . 
type of . coating 12 ^l§o contributes desirable. 
preselectedJjBatures to the composite microdots 10, 
and 50. Layers 30. 40, or, 70 are selected from 
substrate, materials -haying at, least one of, i^e de- 
sired characteristics of enhanced visibility, carp- 
ouflage, buoyancy coritrol, . .magrietic Tattraction, . 
and/or cpritrolled biodegradation. Orie or more lay- , 
ers 30, 40, or 70 are affixed to,.microdot 20 or:,60. , 
thereby imparting to microdot:. 20 or/60 the..^, 
preselected .characteristics. . ; / 

Conventionally, a. microdot substrate 22. oi^ 62,^ 
has. imparted thereto the preselected indicia.^ indicia . 
24 or 64. arid then has . mounted- thereto at lea?;t; 
one of composite substrate 32./42^ . or .72 after" 
which the. , entire sandwich-like apparatus (not > 
shown) is cut into a plurality of connposite micrpn 
dots 10 or 50. ^ --'.i* l-^' .-i.. 

Microdot 10 or 50 cap.then be seiectiv^^^^ 
coated with a coating 12 which Jmparts to mjcrod^^ 
10 oi- .SO a preselected characteristic. For example,, 
coating 12 can be .waterproof,; water ref>^^^ 
hyjdrophillic, water solubJe, , biodegradable.v 
opaque. Clearly, of course, the selection olVthe. 
particular coating characteristic fpr . cpalin^g 12 ' is . a . 
f unctipn of the intended ,appl.icatlgn for cpmppsite / 
microdot 10 or 50. ' 7 .. ^ . . . \ " ^ 

The present invention may t>e erpb^died in 
other Specific forms without depading frorn its spir- 
it or essential characteristics^ The : described em- 
bodiments are to be considered in at( respects .only 
as illustrative and not restrictWe. The spope of the 
invention is, therefore, indicjated ' by . the appended 
claims rathjer than by the 'foregoing descri^^^ , 
changes which come within the rneaning. and range, 
of equivalency of the , claims' are. to be ;embrab^^ 
within their scope. ^ 

Claims 

1. A composite mici-odot comprising a rnicrodot, 
said microdot comprising a substrate having 
an indicia on said substrate; and characterised 
by a first layer mounted on said microdot, said 
first layer being formed of or including a ma- 



terial imparting a preselected : physical ,or 
chemical characteristic to said rnicrodot. . , . , - 

2. ^The composite miqrodot defined in clairn 1- 
5 jcharacterlzed in that said preselected char-, 

acteristic 9f said, first layer comprises 
acteristic selected from [the group consisting of 
enhanced visibility.. camouflage, buoyancy con- 
trot, magnetic attractipn . and . controlled, biodeg- 
10 radation. : ,. . .-ji 

3. The; , composite rnicrodot; defined iri clai^ 
chairacteris^ed in that said^first layer <;onriprises, 
a. holographic f ilm * * said fiplpgraphic . film coo- 
ts J*9ur€^ as a ref iectiye surrfape 40. reflect, a (ightj 

; strj king said corhppsite; micrp^ . . . , 



4. The .composite^ rnicrodo^^^ iri -claifn ,2 . 

. characterised in ttiat said first layer; ^comprises; 
a ^magnetic substratjs, saUl magnetic substrate 
bein^g. operable^, to ^ be. attracted tq . a rri^gnetlc 

^fieid::„;.;'.\ ■ , 
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5. Jhe;: composite miqrpdpt defined, iri,- claim 2 
charapteri^ed in that said )first. layer, comprises 
a, magnetic Jsutpstrate,; itabuca^^^ frorn a. rnag- 
netiCj cierarnic rrTaterial, said; magnetic cerarnic 
material being selectively included in said first 

, jaypr in ,an . arppurit; selectiyely to alter ,the 
-bupyar^cy of said composite .microdpt. . . 

6. jjA^.c^j^posite microdot defi^ pqe of 

the; pr^peding. claims characterised by a cpat> 
. Jng on. said . first laypr, said, qoating. comprising . 
J a xoating. rnaterial, havirng pne..of ,more.. char- 
acteristics selected \rqxx\^ ttie . group, consisting, 
of .a iVvaterproof, coat jng, a water repeHant. coat- 
ing, a3:hydrpphiIlic,.,co^ting, a,, water soluble 
.. coding, and an> QpaqM^ coating,,; v, • - . 

7. ^ .the composite microdot : ^d^f ined . in . claim 9 ^ 

characterised in that said .rriicrodot and. said 
Jirst layer, cprnprise adhesiye meaps^ for. adhe- 
sively mounting said fi.rst layer on said micro- 

doC ' ... 1 * r !' ' * ' ^ . , ' r ' 



8. . .the^compp^ite, microdot defiried in any one of 

the preceding claims characterised in^hat said 
cojnp^ostte ^miprbdot , includes a, second . lay-er, 
50 said second l^yer c.o.rrtpri^ihg said preselected, 

characteristic.^ i , ,^,1 ^ . ■ . 

9. The comppsite rnicrodot .defined in claim. 8. 
characterised , in that said cornposite microdot 

55 includes a coating to encapsulate said .conri- 

posite microdot. , 
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10. The composite microdot defined in claim 9 
characterized in that said coating comprises a 
water soluble material. 

11. ^ method for preparing a composite microdot 5 
comprising preparing a microdot substrate by 
imparting an indicia on said microdot sub- 
strate; obtaining a first layer formed of or in- 
cluding a material for imparting a preselected 
physical or chemical characteristic to said i6 
microdot; mounting said first substrate to said 
microdot substrate to form a composite micro- 
dot substrate; and producing a composite 
microdot by cutting said composite n)icrodot . : 
substrate into a plurality of . composite micro- i5 

-dots. ■ V . ^ y 

- . / ' J: - 

12. The method defined in claim ll Characterised 
in that said obtaining step compnses preparing 

sard first layer from a material having one oi^ ^ 20 
more of the characteristics selectec^^ frpm the / . 
group consisting of enhanced visibility; cam- 
ouflage, buoyancy control, magnetic attraction; , 
and controlled biodegradation. 

■ ■ ■■ 25' 

13. The method defined in claim 12 or 13 charac- 
terised in that said, producing step includes 
coating said composite microdots with a coat- 
ing selected from a coating material having 

one or more of the characteristics selected -30 
from the group- consisting of a waterproof coat- 
ing, a water (Vepellant coating, a hydrophillic 
coating, a water soluble coating, and an opaq- 
ue coating, i 

\ 35 

14. The method defined in claims 12, 13\pr 14 
characterised in that said mounting step com- 
prises obtaining a second Iayer'ani3 rnounting v . 
said second layer to said microdot substrate 
opposite said first substrate. 40 
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